tin ct Kuhne-Ruffini " spindles " from a muscle does not exclude the possession by it of sensorial end-organs, and of afferent nerve-fibres. This point is n ot w ith o u t im portance, because exam ination of various muscles has led me to the conclusion th a t th e " spindle-organs " are absent from the following muscles :-From all the o rb ital eye-muscles, from the in trin sic m uscles of the larynx (though P acinian corpuscles occur in these as in various other m uscles), from the intrinsic muscles of th e tongue, and from the diaphragm . I t is notable th a t all these muscles belong to th a t set which are innervated by nerve-fibres of ra th e r sm aller calibre (Gaslcell) th an those supplying th e skeletal muscles generally, th a t is to say, are innervated by the non-ganglionated splanchnic efferent nerves of Gaskell. In a pi'evious paper* I discussed th e simple absorption of m ilk fat from the alim entary canal of dogs, and com pared the results w ith a series of dogs in w h ich the pancreas had been previously removed. F asting dogs fed on m ilk absorbed no less th an 21 to 46 p er cent, of the total fat given in seven hours, while in those where the pancreas had been entirely rem oved some two days previously, there was, during th at space of tim e, no evidence of any absorption w hatever from the alim entary canal.
(From the Department of Pathological Chemistry, University College, London.)
In a pi'evious paper* I discussed th e simple absorption of m ilk fat from the alim entary canal of dogs, and com pared the results w ith a series of dogs in w h ich the pancreas had been previously removed. F asting dogs fed on m ilk absorbed no less th an 21 to 46 p er cent, of the total fat given in seven hours, while in those where the pancreas had been entirely rem oved some two days previously, there was, during th at space of tim e, no evidence of any absorption w hatever from the alim entary canal.
The fact th a t no m arked absorption of fat occurred in dogs after th e extirpation of the pancreas seems to confirm the old view th a t the pancreatic secretion was necessary for absorption.
This alleged action of pancreatic juice in preparing fat for its absorption from th e alim entary canal, is usually supposed to be due to the secretion containing, firstly, a fat-splitting ferm ent, which, by breaking up p art of the neutral fa t into free fa t acids and glycerine, leads to the first stage of em ulsification; and, secondly, alkaline sodium carbonate, which combines w ith some of the freed fat acids to form a soap, th u s rendering the emulsification of the fat a simple m atter-as can easily be dem onstrated in a test-tube-and a t once facilitates its absorption through the intestinal walls.
The m an n er in w hich altered or emulsified fa t m ay traverse th e intestin al or m ucous m em brane is n o t discussed in the p resen t paper, b u t only the m anner and degree of breaking up of ingested m ilk fat, and th e p a rt played in such a process by the pancreas. My form er pap er showed th a t th ere w as a g re at decrease in the absorption of fa t when th e pancreas was rem oved, and it is my present purpose to show how m uch of this is due to th e absence of either the fa t sp littin g ferm ent, or of the alkaline sodium carbonate of the pancreatic secretion.
I t is n ot necessary here to again draw attention to the extracts from th e lite ra tu re of th is com plicated subject, w hich I quoted in the previous paper, and w hich showed th a t there was reason to believe th a t n eu tral fat n o t only could split up fa t acids and glycerine in th e absence of pancreatic secretion, b u t even form soaps. The present research has for its object th e precise determ ination of this point.
The results obtained may therefore be divided into a norm al and a pathological, i.e., according as to w hether the pancreatic secretion is present or absent. T hus :-1. The norm al sp littin g up of fa t in the various parts of the alim entary canal in dogs on a m ilk diet.
2. The effect of rem oval of the pancreas on the sp littin g up of fa t in dogs on a m ilk diet.
Before discussing th e results, it will be as well to give briefly the m ethod employed.
Method of Investigation.
1. Operative Procedure.-The anim als were in all cases treated in practically the same m anner. The " norm al " dogs were allowed to fast for a period of four days, during which tim e th e rectum was washed out w ith a copious warm water enema, glycerine being afte r w ards given so as to aid the expulsion of the water. In the cases w here th e influence of the pancreas on the breaking up of fat was to be investigated after two days' fast, th e pancreas was entirely removed under ether, and th en the anim als allowed to fast another two days, d u rin g which time th e bowels were again washed out.
A given q u an tity of m ilk was adm inistered in the m orning, and seven hours later the dogs were killed by means of chloroform. The abdomen was quickly opened, and ligatures applied to the oesophagus, the pylorus, ju st above the caecum, and as low down as possible round the rectum . The contents of each p art of the alimen ta ry canal th u s isolated were then carefully collected and separately analysed.
The m ilk given in each case was concentrated to a convenient quantity by b o ilin g ; a specimen of th is was analysed, so th a t the absolute composition of the fats present in th e m ilk a t th e tim e of adm inistration was accurately known, and could be com pared w ith th a t in the various p arts of th e alim entary canal.
The Chemical
Analysis .-The substances colle separate p a rt were dried at 90° C., and th en placed in a S oxhlet's app aratu s and ex tracted w ith ether un til the eth er was unable to ex tra c t any more soluble m atter. The eth er ex tract was then dried and re-dissolved in absolute eth er of sp. gr. 0*720, and filtered th ro u g h a fat-free filter paper into a weighed vessel, in w hich it was dried and afte rw a rd s weighed. The eth er residue thus obtained was then treated w ith a w atery solution of sodium carbonate, which converted th e free fat acids into soaps, and after again drying, the neutral fat, cholesterin, &c.; was again extracted with ether and weighed. The difference between th is and the first w eighing was taken as equal to the quan tity of free fat acids present.
In some few cases q u antitative estim ation of the cholesterin was made by saponifying* the neutral fat extract w ith alcoholic sodium hydrate, evaporating to dryness, and then ex tractin g w ith ether. T his being repeated u n til saponification w ith alcoholic sodium hydrate no longer removed any neutral fat, and it was found th a t th e eth er ex tra c t consisted of cholesterin alone.
The original substance which had been extracted w ith ether was treated w ith dilute hydrochloric acid so as to liberate any fat acids" from the soaps th a t m ight be there present. I t was then dried a t 90° C., and when com pletely dry was again extracted w ith ether. The quantity of ether extract thus obtained represented th e fa t acids present in th e form of soaps.
The total fa t was, therefore, obtained by adding the quantity of fat acids obtained from th e soaps to the form er ether extract.
To facilitate th e comparison of the results in the experim ents they are given in tabular form, and the analysis of the diet in each p a rt of th e alim entary canal is divided into groups, i.e., neutral fat, fa t acids, and fat acids combined as soaps.
The neutral fa t includes the cholesterin, which was not in the majoi'ity of cases separately analysed, as the quantitative analysis of •cholesterin is very m uch more difficult in practice than it is in theory, since th e entire saponification of the neutral fats, so as to separate them thoroughly from cholesterin, is a tedious m atter and requires frequent repetition if one desires to get really accurate results. In those few cases in which the analysis of cholesterin was carried out, th e quantity found was so extremely small th a t it in no way in ter fered w ith the general results obtained if the entire extract was regarded as neutral fat. In Table I it is seen th a t the total q u an tity of fat given is dim i nished in the stom ach to alm ost a th ird d u rin g the seven hours of digestion, so th a t of th e 9*471 gram s of fat th a t had been given in the m ilk only 3*503 gram s were found, th e re st having passed th ro u g h tbe pylorus.
The composition of this fat is, however, entii*ely changed, foi* while the m ilk fat contained 99'85 per cent, as neutral fat, th a t in th e stom ach was only 76*82 per cent.
W e see, fu rth e r, th a t the n eu tra l fats have disappeared from th e stom ach m ore rapidly than the others as, although 9*456 gram s of neutral fat were given, only 2*691 gram s rem ained.
The form ation of free fa t acids is very m arked, for whereas th e m ilk only contained 0*12 per cent, the stom ach contained as much as 21*92 per cent. This speaks strongly in favour of O gata and M arcet's view th a t n eu tra l fa t can be broken up into free fat acids in th e stomach, unless one is to believe th a t th e fat acids had been retained in th e stomach, and th a t the increased percentage was obtained by some condition allowing the passage of the neutral fats and not th e fat acids from the stomach. B u t it may fu rth e r be seen th a t th is would not account for th e increase in th e free fa t acids, as the total quantity of fa t acids given was only 0*012 while the stom ach con tained no less th an 0*768. I t may, therefore, be regarded as con clusively established th a t th e excess of fat acids was formed from the n eu tral fa t of the m ilk in the stomach itself.
More rem arkable is the proportion of fa t acids combined as soaps. For th e m ilk itself contained only 0*03 per cent, of fat acids in th e form of soap, while the stomach contained 1*26 per cent. T hat there had been an absolute form ation of soap and not any increase
of Fed in the Alimentary Cana
Toy the m ere passage of th e n eu tra l fat from th e stom ach is proved by the fact th a t the total quan tity of such soaps given was only 0-008, while the stom ach a t the end of seven hours contained 0 -044 gram .
I t is thus shown beyond question th a t the stom ach is not only capable of b reak in g up n eu tra l fa t into free fa t acids and glycerine, b u t th a t some of these free fa t acids are able to find in th e gastric secretion an alkaline substance w ith which they can form soaps even in th e acid stom ach contents.
T urning n ext to th e contents of the sm all intestine, we find th a t the total fat is very sm all in quantity-, there only being 0 '845 gram , of which 0'214 gram rem ain as n eu tral fat, so th a t only 25'33 per cent, of th e to tal fa t rem ains in th e small intestine as neutral fat. F at acids, on th e other hand, are very greatly increased, 7T01 per cent, of th e total fa t being present as fa t acids. The absolute quantity of fat acids present in th e sm all intestine is only 0'600 gram ; th a t is to say, really less than was p resen t in the stomach. The percent age proportion of the soaps is also increased over th at of .the stomach, being 3'66 per cent., although the total quantify present is som ewhat less than what was present in th e stom ach, being only 0 031 gram.
In the large intestine we find th a t the to tal fa t is only slightly less than th a t present in the sm all intestine, being 0 '791 gram . This is composed of O'296 gram of n eu tra l fat, th a t is to say, som ewhat more than was present in the small intestine, and m aking the p er centage of n eu tral fat present in the large intestine as m uch as 37-42. The free fat acids are only 0"445 gram , and the percentage is also decreased to only 56"26 p er cent. ; th at is to say, the p e r centage of fat acids present in the large intestine is g re ater thar th a t present in the stomach, but not so large as th a t present in the small intestine.
The soaps, on th e other hand, are increased, being 0 050 gram , and constitute a percentage of 6"32 ; so th a t the am ount of soap present in the large intestine is alm ost double th a t present in the sm all intestine and five times th a t in the stomach.
In this the second norm al anim al (Table II ) as m uch as 43" 13 per cent, of the total fat given had left the stomach during the seven h o u rs' digestion, so th at the stomach only contained 12"970 gram s of the 22-806 gram s of fa t given in the milk.
On exam ining the composition of the total fat present in the stom ach we find th a t it has undergone a m arked change, since, of the m ilk fat given, no less than 9669 percent, was present as neutral fat, while the stomach contained 8T12 per cent., the total neutral fa t having dim inished from the 22"05 gram s given in the m ilk to only 10'52 grams. Hence 15'57 per cent, of the neutral fat given had been changed into some other form during its seven hours' sojourn in the stomach.
Dr. Y. Harley. On
Breaking-up As regards the free fa t acids, th e m ilk given contained 0*744 gram , i.e., 3*25 per cent, of th e to tal e th er extract was obtained as fat acid, which is fa r m ore th an usual, and is probably in p a rt due to the fact th a t the m ilk stood in the laboratory for some tim e previously to its being boiled for the experim ent.
The stom ach contained 2*436 gram s of fa t acids, i.e., 18*78 p er cent, of th e to tal fa t was present in the stomach as free fa t acids. The percentage of the n eu tral fa t had dim inished, while the percen tage of th e fa t acids bad increased. The fa t acids, combined as soaps in th e stomach, rem ained exactly the same as the quantity originally given, b u t since the percentage had increased from 0*06 to 0*10, it is not at all likely th a t th a t alone of the com ponents of th e total fat had wholly rem ained in th e stomach, so th a t we m ay consider th a t this case is no exception, and th a t the stom ach form ed not only fat acids b u t also soap.
In th e small intestine only 0*977 gram of fat was found, and since no less than 9*836 gram s had passed through the pylorus during the period of digestion, either 8*859 gram s had passed on into the large intestine or had been absorbed. The total fat contained only 0 349 gram as neutral fat, so th a t the percentage had fallen to 35*85 per cent, (the m ilk given contained 96*69 per cent.). The free fat acids am ounted to 0*608 gram , th a t is 62*19 per cent, of the total fat.
As originally the m ilk only contained 3*25 per cent, of fa t acids, we can conclude th a t no less than 58*94 per cent, of the neutral fat had been converted into fa t acids in its passage as fa r as the csecum. The fat acids present as soaps had increased to 0*02 gram, which raises the percentage of fat acids present as soaps to no less than 2*06, an am ount which closely resembles th a t present in the foregoing case.
In th e large intestine we unfortunately cannot follow the changes in th is experim ent, as the neuti*al fa t and free fat acids' and soaps were lost in the process of separation. We, however, see th a t only 04 0 2 gram of the to tal eth er extract was left in th e large intestine, so th a t 8-457 gram s of the fat had really been absorbed during the seven h ours' digestion ; th a t is to say, as m uch as 85'98 p er cent, of th e total q u antity of fat th a t had traversed the pylorus. In Table I I I the total fat given was 12'027 gram s, and after seven hours' digestion 81 1 6 gram s rem ained in the stomach. The stom ach had consequently discharged 3*911 gram s of the fa t into the in tes tines (i.e., 32-52 per cent.).
of Fat in the Alimentary Cana
The fat th a t rem ained in the stomach d uring the seven hours had undergone sim ilar changes to those already described in the foim ei two experiments. The neutral fat had decreased from 11 533 grams in the m ilk given to 6"061 gram s. Thus, while the m ilk fat contained 95-89 per cent, as n eutral fat, the stom ach only contained 74*67 per cent., so th a t at least 21 22 per cent, of the neutral fat given had been split up in the stomach into free fat acids or traversed the pylorus.
The free fat acids on the other hand had increased very m arkedly ; for whereas the m ilk contained b u t 0'455 gram the stom ach con tained 2"012 grams, the percentage composition having thus changed from 3" 78 to 24 81.
The soap had also increased in quantity in the stomach from 0-039 gram , in the m ilk given, to 0"043 gram, which altered the percentage composition from 0"33 to 0"52 per cent.
Thus, in all three experim ents we have confirmation of the fact th at neutral fat is split up into free fat acids while in the stomach itself, and th a t some of these free fat acids formed soaps.
W ith regard to the small intestines we find only 0 '623 gram of ether extract was present, while we know th a t 3'91 grams had passed th ro u g h th e pylorus d u rin g th is time. Of the total fat only 0-080 gram was found as n eu tra l fat, so th a t its percentage pro portion am ounted to only 12-84 per cent., no less th a n 61-83 per cent, of th e neutral fat having been broken up since it traversed the pylorus.
The free fa t acids increased to 0"522 gram , therefore the percen tage of the to ta l fat p resen t as fat acids was 83-46. As originally only 3"78 per cent, of the total fa t was in the form of free fa t acids, therefore 79-68 p er cent, of the n eu tral fa t has been broken up into free fa t acids in its passage along the stom ach and sm all intestine, and as th e stom ach contained 24*81 per cent., therefore 55*87 p er cent, of the free fat acids had been formed in the sm all intestine.
The quan tity of fa t acids present as soap in the small intestine was only 0-021 gram , b u t th e to tal quantity of fat being so sm all the percentage was 3 "70.
I t would th u s appear as if 2'37 per cent, of the eth er extract had been converted into soap in its passage from the m outh to the caecum, and since 0T9 per cent, was found in th e stomach, 2T8 per cent, had been formed in the small intestine.
The large in testin e contained O'741 gram of total fat, of w hich 0-229 gram rem ained in the form of n eutral fat, and the percentage of th e n e u tra l fat was 30-91, i.e., somewhat higher than th a t found in the small intestine, although less th an half the percentage in the stomach. The free fat acids left in the large intestine were 0-452 gram, i.e., 61-03 per cent, of the to tal ether extract present, th e q u an tity is therefore less than is p resent in th e sm all intestine, b u t higher than th a t in th e stomach.
The fat acids combined as soap in the large intestine were 0-059 gram , so th a t th e percentage was 8 -06 of the total fat.
W ith regard to th e absorption of fat, in this case we see th a t w here 12*027 gram s were given only 9"479 were regained after seven hours' digestion, so th a t a t least 2-548 gram s had been absorbed, i.e., 21 per cent, of the total given during the seven hours' digestion. However, as no fa t is probably absorbed from the stomach, we ought only to calculate th e percentage absorption from the 3"911 gram s which had passed into th e sm all intestine, i.e., 65*16 per cent, of this had been absorbed.
The Splitting up of F at in various parts of the Alimentary Canal in
Fogs on a M ilk F iet and in which the Pancreas had been removed.
H aving shown the m anner in which fat is broken down in the intestines of dogs under norm al circum stances, we can now consider the changes th a t occur in the fats when m ilk is given to dogs in w hich the pancreas has been previously removed.
In the following experim ents, as has been already said, th e pancreas was removed on th e second day of fasting, and the auimals allowed to fast still fa rth e r two days a fte r the operation, the rectum being washed out w ith copious w arm w ater enemas, as by this means i t was hoped to rid the intestines of any residue of pancreatic secretion which m ig h t otherw ise be present, and at the sam e tim e th a t the w ashing out would dim inish the bacteria of th e large intestine to a considerable extent.
In the four following dogs in no case was there, by analysis, any evident absorption of fa t from the intestines durin g the space of four to seven hours. A t the same tim e, the fa ct th a t the q u an tity of fa t found equalled or surpassed th e q u an tity of fat given a t the end of th is time, is no definite proof th a t no absorption of fa t took place from the large intestine. In all probability there was some absorp tion, as th e lym phatics shone out as w hite lines and had not th e appearance of those norm ally present in fasting anim als, though they were not so prom inent or filled as was th e case in norm al dogs during the same period of digestion. The rem arkable fact th a t the quan tity of fat was equal to, or in excess of, th a t given will appear to be explained by th e character of the intestinal excretion, or so-called secretion, which has now been practically dem onstrated to be always present by H erm ann, E h ren th al, B erenstein, and F r. Voit, w hich is in all probability a substance rich in fat and very much more profuse th an we are ordinarily led to believe.
o f Fat in the Alimentary Canal.
257 Table IV In Table IV the total quantity of fat given was 7'G02 grams, and a lte r the period of lo ur hours, no kss than 7'40G giam s still tem ained in the stomach, so th at during four hours only 0'196 gram had entered the intestines, or b u t 2'58 per cent, of the quantity given had passed th ro u g h th e pylorus. F u rth e r, since th e sm all and larg e intestines contained no less th a n 1*902 gram s, while only 0*196 gram of th is had entered from the pylorus, a t least 1 704 gram s of this fa t m ust he regarded as derived directly from th e intestinal secretion and not from the fa t adm inistered in th e food. Of course, in th is case, the fa t m ig h t be p a rtly derived from the bile, as, alth o u g h th e pancreas h ad been entirely rem oved, the bile-ducts had been in no way interfered w ith. The fact th a t th e dog had not only fasted for four days b u t th a t it h ad had its bowels washed out daily, would leave little doubt th a t th is fat could not be residues of fat given five days previously.
In investigating th e various changes th a t th e fa t underw ent du iin g its sojourn in th e stomach, only 4*513 gram s w ere found as n eu tra l fa t; th a t is to say, 60*94 p er cent, of the to tal fat still rem ained as n eu tral fat. The m ilk contained, on the other hand, 96*68 per cent, as n eu tral fat, so th a t no less th an 25*74 of th e fat given had been split up d u rin g its fo u r h o u rs' sojourn in the stom ach into free fa t acids and glycerine. The fa t acids were increased to 2*727 grams, and th is was no doubt due to the sp littin g -u p of th e n eu tra l fa t in the stomach, since only 0*248 gram fat acids were given in the^ diet. The percentage of fa t acids present in the stom ach oeing 36 82, the q u an tity found in the viscus was ten tim es the am ount present in the m ilk given.
As regards th e soap, it was increased to 0*166 gram , so th a t the percentage composition of the fa t acids combined as soaps was 2 24 as com pared to the 0*06 per cent, of fa t acids (combined as soaps) observed in th e milk.
From these facts it is plain th at even after th e rem oval of the pancreas the stomach, as in normal dogs, is capable of converting a considerable q u an tity of th e n eu tral fa t into fa tty acids, and still fu rth e r form ing soaps.
The small intestine contained 1*456 gram s of fat, and, as lias already been said, m ost of this was not derived from th e m ilk given but p a rtly from the excretion of the intestines; however, it will be as well to examine its chemical composition in the same way as we have done in th e norm al dogs.
Of th is fat, 0*820 gram was found to be neutral fat, so th a t the percentage of neutral fat was 31*17. The free fat acids were 0*452 gram, the total q u an tity being increased to 56*55 per cent,, and the soap had increased to 12*48 per cent., the total quantity really being W e^ee th a t the q u antity of fa t acids had very m uch increased m th e sm all intestine over th at found in the stomach, even although no pancreatic secretion was present.
In the large intestine the total quantity of fat present was only 0 4 4 4 gram , and of th is 0'159 gram only rem ained as n e u tra l fa t. The free fa tty acids were only 0-271 gram , the percentage being no less th an 61-04, showing th a t th e percentage of fat acids was greater in the large intestine th a n eith er in th e small intestine or in th e stomach. The soaps had fallen to only 0 014 gram , or 3 1 5 per cent., so th a t they were really sm aller th a n the quan tity in the large intestine, hut larg er th a n th a t in th e stom ach. In Table V the anim al was allowed to digest for six hours after the feeding. In this case the total fa t given was 8"496 gram s, while after six hours' digestion the stom ach still contained 7"624 g ra m s ; hence only 0'87'2 gram of the fat had passed th ro u g h the pylorus into the intestines in th is space of time.
o f Fat in the Alimentary Canal
In the small and large intestines 1 "073 grains were collected, so th a t 0"201 of this m ust have been due to the excretion from the intestinal wall or derived from the bile.
The stomach contained only 4"964 grams of its fat as neutral fat, and whereas the m ilk given contained 83"98 per cent, of its fat as n eu tral fat, the stomach only contained 65"11 per cent. This was due to the increase of free fat acids for the m ost part, b u t also to some extent to the form ation of soaps. The free fat acids present in the stomach were 2"573 grams, while the original m ilk only contained in all 1-352 grams, therefore 33"75 per cent, of the total fat was present in the stomach as free fat acids.
The soaps also had increased in quantity. The stomach contained 0*087 gram, while the m ilk given only contained 0"008, the p er centage of fat acids present as soaps being thus raised to 1*14.
I t is clearly brought out in this experim ent th a t there was a very g re at delay in th e q u an tity of fa t leaving th e stom ach during th e six hours, as com pared w ith w hat was observed in th e norm al dogs. I n th e sm all in testine the total fa t present was only 0-822 gram. This is som ewhat less th a n w hat we know has already passed through th e pylorus, for it was seen th a t 0 8 7 2 gram of fat had left th e stom ach during th e six hours. The n eu tra l fa t in the intestine was only 0-312 gram , so th a t th e q u a n tity had dim inished to only 37'95 p er cent., a little more than h alf of th a t present in the stomach.
T he q u an tity of free fat acids w as 0 4 5 2 gram , the percentage having increased to 54'99, alm ost double w hat was present in the stom ach. The fat acids present as soaps were 0-058 gram , bringing th e percentage com position of th e soap to 7"06.
The large intestine contained 0*251 gram of f a t ; of this, a very g re at p art m ust be attrib u te d to th e in testin a l excretion, and was certainly not residue of th e fa t given. The n eu tral fa t is only 0"082 gram , th a t is to say, 32'68 per cent, of the to tal fat only rem ains as neu tral fat when it has reached as far as the large intestine.
The free fat acids am ounted to 0-113 gram , so th a t the percentage proportion was 45-01, this being less th an th a t present in the small intestine.
The soap present was 0 0 5 6 gram , the to tal quantity being alm ost the same as th a t present in the small intestine, b u t as the q uantity of to tal fat is very m uch smaller, th e relative am ount of tat acids com bined as soaps reaches in the large bowel a very m uch higher point th an in any o th er p art of the alim entary canal, being 22"31.
In th e next two dogs in which the pancreas was removed the period of digestion allowed was seven hours in each case.
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Dr. V. Harley. On the Breaking-up In the above Table V I, of 7191 gram s of fat given no less than 6-554 still rem ained in the stomach, so th a t only 0 637 gram had traversed the pylorus. The sm all and largo intestines together con tain ed no less th an 1 *721 gram s of fat, and therefore 1*084 gram s of the fat had been excreted from th e intestines or liver d uring the period of seven hours. This appears an enormous q u an tity when we com pare it with th e small am ount in th e case of Table V, in which only 0*201 gram was excreted in six hours.
The stom ach contained 2*708 gram s of n eutral fa t rem aining from the 6*877 gram s of the n eutral fa t given in th e milk. Thus the p e r centage of neutral fat found was 41*32, while th e neutral fat in th e m ilk given was no less than 95*63 : hence 58*41 p er cent, of the neutral fa t given had been split up into fat acids during seven hours in th e stom ach.
The quan tity of free fat acids was 3*828 gram s, and the soaps had increased to 0*018 gram , this constituting a percentage of 0*27.
The sm all in testin e gave as th e percentage of n eu tra l fat 43*64, as com pared with 41*42 present in the stomach. This is a very different thing to w hat is found in the case of the noi'mal dogs, where th e fa t acids in the small intestine were greatly increased and th e n eu tral fa t m uch dim inished, for here th e free fa t acids were only 52*09 per cent., i.e.,very sl of neutral fat p resen t in the small intestine, and less than th e fat acids present in th e stom ach. The sm all intestine also contained no less th an 4*27 p er cent, of fat acids in the form of soap.
In the case of th e large intestine the total q u an tity of fat present was 0*644 ; of th is, 0*175 still rem ained as n eu tra l fat, the percentage being 27*17, while 55*75 per cent, was present in the form of free fat acids, and 17*08 per cent, of the fat acids had combined to form soaps. In Table V II the dog received a larger quantity of fat than usual, and w hether in consequence of this or through some other reason, th e re was, tow ards the end of th e seven h o u rs' digestion diarrhoea w hich necessitated the collecting of some of th e faeces passed, and by reason of this th e re was a possibility of some slight loss.
o f Fat in the Alimentary Canal
This case alone, of all the dogs in w hich the pancreas was removed, indicated any absorption of fat, for out of the 12*027 gram s of th e fa t given 0*533 g ram was not recovered. I t was, however, perfectly obvious th a t in th is experim ent th is deficit was a ttrib u tab le to loss in collection of the faeces, alth o u g h everything to hinder such an erro r was attem pted.
T he stom ach contained 9*358 gram s of fat, of th is no less th an 9*177 gram s was in the form of n e u tra l fa t, In fact, 98*07 per cent, of th e total fa t was present in th is case as n eu tra l fat, while th e m ilk given contained only 95'90 per cent.
The free fa t acids in th e m ilk given contained 0*455 gram , while in th e stom ach only 0T59 gram was found; th at is to say, 1-70 p er cent, of th e total fa t only was present as fa t acids in the stomach. Soaps also were 0*022 gram , and the percentage 0*023.
In th is dog alone, of e ith er th e norm al dogs or those in which the pancreas was removed, was th ere no indication of breaking up of n eu tra l fat into free fa t acids in the stomach, as far as th e total quan tity of fa t acids found in the stom ach was concerned. The explanation of th is is very difficult. I t m ay be due to the fact th a t th e m ilk fa t in this case had very considerably broken up before it was adm inistered, the m ilk being som ew hat acid, and it had been boiled down considerably in order to decrease the volume given. The quan tity of fa t which had left the stom ach d uring the seven hours' digestion was no less th an 22T9 per cent, of the to tal given, th a t is, m uch more th an occurred in any of the o ther dogs in which the pancreas had been previously removed. In fact, th is out-flow is more like the norm al dogs. I t is, therefore, possible th a t the soaps and fa t acids which had been form ed in the stomach had to a con siderable extent left it, and if to a g reater exten t th an the neutral fa t had th u s caused the percentage of neutral fa t to be h ig h er th an th a t given.
The q u an tity of fa t in th e large g u t was m ore than in the sm all intestine, and this also was exceptional, as in all the other cases the reverse was found afte r seven hours, and it can be only explained by th e fact th a t on account of th e m ilk being sour and the diarrhoea which occurred, there was a h u rry in g along of the contents of the alim entary canal.
The quantity of fat in th e small intestine was only 0 4 6 4 gram , of which 00 7 5 gram was present as neutral f a t ; th a t is to say, only 16T7 per cent, of the total fat was present in the stomach as neutral fat. The fa t acids on the other hand were no less than 0*361 gram , th a t is 77*79 per cent, of the total fat present in the small intestine.
This resu lt may n ot be due entirely to th e bi-eaking up of the fa t in the sm all intestine, b u t to the increased o u t-p u t of fat acids from the stom ach. The soaps equalled 6-04 p er cent, of the to tal fat present in th e sm all intestine, although th e actual q u a n tity was only 0 028 gram .
In th e large in testin e the q uantity given in the table was not only th a t which was present in th e intestine a fte r death, b u t also th a t which was collected in the faeces, passed during the last hour or so of life. I t contained T672 gram s of fat, of w hich O 668 gram were in the form of n eu tral fat, and 0 9 9 0 had been broken up into free fat acids. So th a t 59'21 per cent, of th e total fat was in the form of fat acids, and 39-95 per cent, only as neutral fat.
The soaps were n ot very m uch increased, the total q u an tity being only 0"014, th a t is to say 0 '84 per cent.
Summary
W hen we come to com pare the results found in the norm al dogs d u rin g the absorption of m ilk fat w ith th a t in the dogs in which the pancreas has been removed, we see th a t th ere is not such a g reat difference as one would he led to suspect by the old teaching of the fat sp littin g action of the pancreas.
For the purpose of com parison it w ill he b e tte r to tabulate the average results of th e preceding experim ents so th a t the norm al results may be more readily com pared w ith those in which the p a n creas had been previously removed. In th is way it is easy to detect any real difference in the percentage quantities in th e alim entary canal. O n in w hich th e resu lts of only two experim ents were used, and th e period of digestion w as seven hours, except in one case of rem oval of th e pancreas in which it w as only six hours. As far as th e stom ach is concerned, th e table shows th a t th ere is a slig h t increase in the q u an tity of fa t acids in dogs in w hich the pancreas has been removed, as th e percentage noted was 3T29 p er cent, of th e total fat, while in the norm al dogs which were employed as control, only 18-50 p er cent, of th e to ta l fa t was p resen t in th e form of free fa t acids. This would be in favour of a g re ater fat splittin g -up activ ity of th e stom ach in dogs in w hich th e pancreas had previously been removed. T h at a g reater splitting-up action was really the cause of th is increase is difficult to believe. I t w ould seem m uch m ore likely th a t th e increased percentage of fa t acid in the dogs w ithout th e pancreas was due to the greater retention of fa t in the stomach, for in all cases in w hich th e pancreas had been removed, the expulsion of fa t from the stom ach was very m uch delayed.
The percentage quan tity of fa t acids present as soap in both th e norm al and th e pathological dogs is practically equal, for in both cases no less th an 0 6 3 and 0 5 5 per cent, of th e free fat acids were p resen t as soap in th e stomach.
The table therefore proves th a t both in norm al dogs as well as in those in which th e pancreas has been removed, th e stom ach is capable of not only sp littin g up n eu tra l fa t into free fat acids and glycerine, b u t fu rth er, th a t the free fa t acids are capable of finding alkalis in the stom ach itself w herew ith to form soaps. The power of the free fat acids form ing soap is, however, extrem ely lim ited in the stomach.
The principal fat-sp litting action really begins, not in th e stomcah, b u t after it has left th e pylorus. T hat this should be the case in norm al dogs has long been held by all physiologists, and was con sidered due to the action of the pancreas, and th e degree to which this occurs is shown in the table, according to w hich in the norm al dog at least 72'22 p er cent, of the fa t present in the small intestine was in the form of free fa t acids, only 2A67 per cent, being present as n eu tra l fat. B ut also in the case where the pancreas had been entirely extirpated, so th a t no pancreatic juice could possibly reach the intestine, and the fasting had been sufficiently long to remove any pancreatic ferm ents which m ight have been previously present in the intestines, we still find a large increase in the quantity of the fa t acids present, th e fa t acids being no less th an 61'62 per cent, of the total fat. T here can be no doubt, therefore, th a t even when no p an creatic secretion has reached the intestines, a very considerable qu antity of the n eu tral fat is split up into free fat acids m the small intestine, although the quantity there formed is not so great as when the pancreatic secretion has been able to add its share of work.
The free fat acids combined w ith soaps in th e norm al dog were only 3*14 per cent, of the total fa t present, w hile those dogs in which th e pancreas had previously been rem oved had no less th an 5 7 9 per cent.
T his is a m ost in teresting fact, for in spite of the absence of th e alkaline pancreatic secretion, it is found th a t not only nearly th e norm al quantity of free fa t acids are present, b u t a considerable increase of fa t acids have formed soaps, so th a t th e intestines have been able to secrete a sufficiency of alkali substances to form soaps.
The contents of the large intestine in the second group of cases resem ble each other fa r more closely. In fact, in the case of the free fa t acids, the quantity present in both the norm al control dogs and those in which the pancreas had previously been removed is, for all p rac tical purposes, equal, the control dogs having 58*65 per cent, of fat, in the form of free fat acid, while those dogs in which no pancreatic secretion had reached the intestines, 53*32 per cent. The effect of th e w ant of pancreatic secretion, although exhibited to a sm all extent in the small intestine, and causing a dim inution in the quan tity of fat acids present, was no longer ap p aren t in the large intes tine.
The quantity of fat acids present as soaps in the large intestine varies, although not to a greater extent than was th e case in the sm all intestine. Those dogs in which the pancreas had been pre viously removed contained 13*41 per cent, of the total fat in the form of fat acids combined as soaps, while 7*19 per cent, only was in this form in those dogs which were used as control experim ents. 
